Instabilities and failure of geomaterials often involve localisation of the deformation in zones of intense shearing and/or fracture associated with inelastic behaviour and strain softening. This occurs in earthquakes when rupture occurs due to frictional weakening of the fault. Attempts to simulate these phenomena directly by introducing the relevant constitutive behaviour leads to mesh-dependent results, where the deformation localises in one element irrespective of its size. Models of earthquake faults with dynamically unstable frictional laws display strain-softening behaviour and strong mesh dependence, where the physics at short length scales can sensitively determine the behaviour at the largest scales. Mesh dependence can be resolved in two ways. The first is simple, choose a mesh element size that resolves the underlying physics however this becomes computationally prohibitive if the length scale is very small. The second method allows the governing equations to be regularised by implementing higher-order continua theories. Higher order continua contain an internal length scale.
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Interestingly earthquake models with oversized mesh elements display more complex and realistic physics. One can interpret a coarse mesh from the vantage point of a higher order continuum model. This work investigates if numerical discretisation errors present in models with oversized mesh elements can be linked to higher order terms in the governing equations which act to regularise the earthquake failure process.
